Two Gram-stain-negative, aerobic, non-motile, non-spore-forming and rod-shaped bacteria, designated strains T2 T T and T5, and propose their taxonomic position using a polyphasic approach including the determination of their phenotypic, chemotaxonomic properties and a detailed phylogenetic investigation.
T and T5 represent a novel species of the genus Blastomonas, for which the name Blastomonas fulvasp. nov. is proposed. The type strain is T2
T (=KCTC 42354 T =JCM 30467 T ).
Sly and Cahill [1] established the genus Blastomonas, based on the single species Blastomonas natatoria within the family Sphingomonadaceae. Members of this genus produce bacteriochlorophyll a under aerobic conditions [2] [3] [4] and contain puf genes, which code for proteins of the L and M subunits of the RC complex and LH1 complex [4] [5] [6] . Two bacterial strains, designated T2 T and T5, were isolated using diluted R2A agar (Difco) from a Microcystis culture from South Korea during a study of the diversity of symbiotic bacteria associated with Cyanobacteria. Based on the 16S rRNA gene sequence analysis, strains T2
T and T5 belong to the genus Blastomonas proposed by Sly [7] , in which there are three formally accepted species Blastomonas aquatica [2] , Blastomonas natatoria [7] and Blastomonas ursincola [3] . Here, we describe two yellow-and brown-pigmented bacterial strains, T2
T and T5, and propose their taxonomic position using a polyphasic approach including the determination of their phenotypic, chemotaxonomic properties and a detailed phylogenetic investigation.
Strains T2
T and T5 were obtained from a culture of Microcystis using several dilutions to extinction (10 6 or 10 7 ) in R2A medium. A 100 µL sub-sample of the suspended material was spread aseptically onto R2A agar (Difco) and incubated at 25 C under heterotrophic conditions. Two yellowpigmented bacterial strains, designated as T2 T and T5, were isolated after 7 days and routinely subcultivated on R2A agar at 30 C for 48 h and kept in a glycerol solution (20 %, v/v) at À70 C for long-term preservation. For most experiments, all strains were cultivated on R2A agar (Difco) at 30 C for 48 h. B. aquatica JCM 30179 T , B. natatoria DSM 3183 T and B. ursincola DSM 9006 T were used as reference strains under the same conditions. The reference strains were obtained from the German Collection of Microorganisms and Cell Cultures (DSMZ) and the Japan Collection of Microorganisms (JCM).
We used a Gram-stain kit (Becton Dickinson) to perform Gram-staining following the manufacturer's instructions. Transmission electron microscopy (Philips CM-20) was used to observe the cell morphology after negative staining with 1 % (w/v) phosphotungstic acid, and a phase-contrast microscope (Nikon Optiphot, Â1000 magnification) was used to observe cell motility using the cells grown on R2A at 30 C. Oxidase activity was assayed with 1 % tetramethyl-p-phenylenediamine [8] , and catalase activity was assayed with 3 % H 2 O 2 . Cell growth was investigated on R2A agar, tryptic soy agar (TSA; Difco) and nutrient agar (NA; Difco) and in Luria-Bertani (LB; Difco) medium. The growth temperature range was checked by incubating at 4, 8, 15, 20, 30, 37 and 42 C. The optimum growth pH was determined by the cultivating strains in R2A broth with a pH range of 5-10 at intervals of 1 pH unit. Different biological buffers were used to adjust the pH values; Na 2 HPO 4 /NaH 2 PO 4 and Na 2 CO 3 /NaHCO 3 buffers were used for pH values of 5-7 and 8-11, respectively [9, 10] . NaCl tolerance for growth was tested on R2A agar with different NaCl concentrations (0-5 % T . All data are from this study, unless indicated. Both strains were positive for acid phosphatase, alkaline phosphatase, cystinearylamidase, esterase (C4), esterase lipase (C8), a-glucosidase, b-glucosidase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase, and valine arylamidase, but negative for nitrate reduction, indole production, glucose acidification, arginine dihydrolase, urease, N-acetyl-b-glucosaminidase, a-chymotrypsin, a-fucosidase, a-galactosidase, b-galactosidase, bglucuronidase, a-mannosidase or trypsin. All strains assimilated N-acetyl-glucosamine, L-arabinose, histidine, maltose, propionate and valerate, but none of them assimilated adipate, caprate, citrate, L-fucose, gluconate, inositol, itaconate, 2-ketogluconate, 5-ketogluconate, DL 
Enzyme activity: determined using two-dimensional thin-layer chromatography, and identified following the method described by Tindall [12] .
Genomic DNA was extracted by using a FastDNA SPIN kit according to the manufacturer's instructions for Gram-negative bacteria. The extracted DNA was then quantified and checked for purity on an ND1000 spectrometer (Nanodrop Technologies). Amplification of the nearly complete 16S rRNA gene was done with universal bacterial primer sets: 27F (5¢-AGA GTT TGA TCM TGG CTC AG-3¢; Escherichia coli position 8-27), 785F (5¢-GGA TTA GAT ACC CTG GTA-3¢), 800R (5¢-TAC CAG GGT ATC TAA TCC-3¢), and 1492R (5¢-TAC GGY TAC CTT GTT ACG ACT T-3¢; E. coli position 1492-1510) [13] . PCR cycling conditions were as follows: 95 C for 10 min followed by 30 cycles of 95 C for 30 s, 55 C for 40 s and 72 C for 1.5 min and final extension for 10 min at 72 C. Sequencing was performed by BIOFACT (http://bio-ft.com/) after purification. To complete the phylogenetic tree, the 16S rRNA gene sequences were aligned with CLUSTAL_x [14] and edited with BioEdit [15] using the published sequences retrieved from EMBL. The aligned sequences were then applied to construct the phylogenetic tree using neighbour-joining [16] , maximum-parsimony [17] and maximum-likelihood [18] algorithms in the MEGA5 software [19] . Bootstrap analysis [20] was done based on 1000 resamplings of the sequences. The DNA G +C content was determined by HPLC after hydrolysis, as previously described by Tamaoka and Komagata [21] , using non-methylated l DNA (Sigma) as the standard. The DNA-DNA relatedness of strains T2
T and T5 to the type strains B. aquatica JCM 30179 T , B. natatoria DSM 3183 T and B. ursincola DSM 9006 T was investigated by using the fluorometric method described by Ezaki et al. [22] using DNA probes labelled with photobiotin (Sigma; A1935) in microdilution wells (Greiner Bio-one; 96-well microplate). Salmon sperm DNA (Sigma; D7656) was used as a control.
Visible opaque colonies formed within 48 h on R2A agar when incubated at 30 C. Growth was found to occur at temperatures ranging from 8 to 37 C; however, no growth was observed at 4 and 45 C. Growth was found to occur at pH 6-8; however, no growth was observed at pH 5 or 9. The colonies were observed to be yellow, opaque, convex, smooth and circular with entire edges. The cells were found to be Gram-stain-negative, catalase-and oxidase-positive, non-motile and rod-shaped (Fig. S1 , available in the online Supplementary Material). The detailed physiological and biochemical characteristics are summarized in Tables 1  and 2 and in the species description.
The almost-complete 16S rRNA gene sequences of strains T2
T (approximately 1432 nt) and T5 (approximately 1418 nt) were compared with the 16S rRNA gene sequences of the representative species within the genus Blastomonas and related genera. We used the EzBioCloud [23] to identify their closest members. Strains T2 T and T5 shared 100 % 16S rRNA gene sequence similarity. The novel strains showed the highest levels of 16S rRNA gene sequence similarity to B. aquatica JCM 30179 T , B. natatoria DSM 3183 T and B. ursincola DSM 9006 T with similarities of 97.8-99.4 %. The levels of the 16S rRNA gene sequence similarity with the type strains of other members of the family Sphingomonadaceae were less than 96 %. However, closely related species within the genus Blastomonas have been described recently (e.g. the type strain of B. ursincola shared 99.8 % pairwise similarity with B. natatoria [3] ). Strains T2 T and T5 also shared high similarities with other members of Blastomonas, but it was evident from the topology of the phylogenetic tree ( Fig. 1 ) that strains T2
T and T5 clustered clearly with species of Blastomonas. To support our conclusion, the genomic delineation between the two novel strains and the species of Blastomonas was supported by the DNA-DNA relatedness (the mean of triplicate experiments) data, for which strain T2 T T . To confirm any potential photosynthetic ability, we attempted to detect photosynthetic genes from two novel strains. PCR amplification of the puf genes, which code for proteins of the L and M subunits of the active photosynthetic reaction centre and of the core lightharvesting complex [4] [5] [6] , was performed with primers B140F (5¢-TGG CAS TGG CGY CCG TGG-3¢) and MR (5¢-CCA TSG TCC AGC GCC AGA-3¢) described by Hiraishi et al. [24] . Approximately 2.0 kb DNA fragments were successfully amplified from all the test strains (Fig. S2) . The puf gene sequences of T2
T and T5 had 99.8 % similarity and 88.0-88.4 % similarity with the puf sequences of B. aquatica JCM 30179 T , B. natatoria DSM 3183 T and B. ursincola DSM 9006 T (Table S1 ). Overall, phylogenetic analyses based on the puf gene (puf L and puf M), puf L and puf M gene sequences revealed stable groups that were in good agreement with currently recognized genera (Fig. S3) . The lower DNA-DNA hybridization values, which were below the 70 % cut-off point for the delineation of genomic species [25] , together with puf gene similarities, indicate that strains T2
T and T5 ought to be divided into separate species.
The genomic DNA G+C content of the novel strains was 64.2-64.4 mol%. The polar lipid profile contained a unidentified aminolipid (AL), three unidentified lipids (L1, L2, L3; L1 and L2 for strain T5), phosphatidylcholine (PC), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), unidentified phospholipid (PL) and sphingoglycolipid (SGL) (Fig. S4) . The major fatty acids were C 17 : 1 !6c, summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), C 17 : 1 !8c and C 17 : 0 for strain T2 T ; C 17 : 1 !6c, summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), C 17 : 1 !8c, C 17 : 0 and C 16 : 0 for strain T5. The major fatty acids in strains T2
T and T5 were consistent with the major fatty acid components in species from the genus Blastoimonas; however, the novel strains could be differentiated from B. natatoria DSM 3183
T based on very different compositions of C 17 : 0 and summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), and from B. ursincola DSM 9006
T based on different composition of C 17 : 1 !6c, C 17 : 0 and summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) ( Table 2 ).
Based on the morphological, physiological (Table 1) and phylogenetic characteristics, our new isolates are considered to be members of the genus Blastomonas. Some physiological evidence was observed differentiating the two strains from their closest formally described relatives. The relative short rod shape, non-motility, low salt tolerance, different DNA G+C content (1.9-2.2 % difference), carbon utilization ability and enzyme activities differentiated strains T2
T and T5 from the closest member, B. aquatica JCM 30179
T , which showed the highest 16S rRNA gene similarity (99.4 %). Strains T2
T and T5 also could be differentiated from B. natatoria DSM 3183 T and B. ursincola DSM 9006
T by the assimilation of rhamnose but not maltose and by the presence of a-chymotrypsin and b-galactosidase and the absence of a-glucosidase, b-glucosidase and b-glucuronidase. Therefore, we suggest that strains T2 T and T5 represent a novel species of the genus Blastomonas, for which the name Blastomonas fulva sp. nov. is proposed.
DESCRIPTION OF BLASTOMONAS FULVA SP. NOV.
Blastomonas fulva (ful¢va. L. fem. adj. fulva tawny, yellowish brown, the colour of the colonies).
Cells are Gram-stain-negative, non-motile and rod-shaped The type strain T2 T (=KCTC 42354 T =JCM 30467 T ) and strain T5 (=KCTC 42355=JCM 30468) were isolated from a Microcystis culture from Daejeon, Republic of Korea.
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